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The title of the invention has been amended (Guidelines for Examination in the EPO, A-III, 7.3). 

@ Insulated gate type semiconductor device and method of producing the same. 

(g) A semiconductor device has an insulated gate type 
transistor. The insulated gate type transistor is formed on an 
insulating surface of substrate. 

The insulated gate type transistor is formed in a single crystal 
layer which is grown from a single nucleus formed on nucieation 
region which is provided on said insulating surface, which has 
sufficiently greater nucieation density than "material of said 
insulating surface and which has sufficiently small size so that 
only one nucleus can be grown. 
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Description 



Semiconductor Device and Method for Producing the same 



BACKGROUND OF THE INVENTION 

5 

Field of the Invention 

The present invention relates to a semiconductor 
device with crystalline layer formed by utilizing 
selective nucleation method for selectively growing 
crystal using a difference In nucleation density of the 10 
deposited film forming materials according to the 
kinds of the deposited surface constituting materi- 
als. 

Related background Art 15 

Since an integrated circuit device comprising an 
integrated circuit produced by forming a single 
crystal silicon on an insulating material substrate has 
small parasitic capacitance, it can operate in higher 
speed then the Integrated circuit formed on a silicon 20 
substrate. Further, when a complementary MOS 
(C-MOS) integrated circuit is produced by the single 
crystalline silicon formed on the insulating material 
substrate, since no thyristor is formed by a parasitic 
bipolar transistor, there is no possibility of causing a 25 
latch up effect 

As the insulating material substrate for use in 
such integrated circuit device, a sapphire substrate 
has been used conventionally. 

However, the sapphire substrate is more expens- 30 
ive than the silicon substrate very much. The 
sapphire substrate is applicable for only a limited 
use. 

Further, in recent years, method for forming a 
single crystalline film by covering the silicon sub- 35 
strate with insulating material, forming porycrystal- 
line silicon film on the insulating material, and 
melting and recrystallizing the polycrystailine silicon 
with laser beam, and method for obtaining structure 
wherein the single crystalline silicon layer is on the 40 
insulating layer by implanting oxygen ion into the 
silicon substrate to form the insulating layer in the 
silicon substrate. 

However, all of these methods require process of 
very low producing efficiency such as process for 45 
melting the polycrystailine silicon with laser beam 
and process of high dose ion implantation with ion 
implantation apparatus. Accordingly, there are prob- 
lems that reducing the cost of the integrated circuit 
device is difficult and that, since it is difficult to get a 50 
high quality single crystalline silicon, high perfor-^ 
mance integrated circuit can not be produced. 
While, in recent years, studying and development of 
three dimensional integrated circuit, wherein semi- 
conductor elements are formed in a configuration of 55 
layers stacked on the substrate is a direction normal 
to the substrate thereby high integration density and 
multifunction are achieved, are executed. 

In order to achieve the three dimensional inte- 
grated circuit, it is necessary to form the semicort- 60 
ductor thin film for producing the electronic ele- 
ments such as transistors on amorphous insulating 
material. However, in general, on the amorphous 



material, only amorphous silicon or polycrystailine 
silicon can be grown. 

Therefore, in the prior art methods are classified 
as method wherein the amorphous or polycrystailine 
silicon is directly used as the semiconductor layers 
for producing the electronic elements, or method 
wherein the grown amorphous or polycrystailine 
silicon is method with laser beam or the like to be 
crystallized as a single crystal and the crystallized 
single crystal is used as the semiconductor layers of 
the electronic element. 

However, when the amorphous or polycrystailine 
silicon is directly used as a semiconductor layer for 
producing the electronic elements, there are prob- 
lems that the electron mobilities obtained is small 
(approximately —0.1 cm 2 /V sec for amorphous; 
approximately 1—10 cm 2 /V sec for polycrystailine 
silicon with particle size of few hundreds of 
angstroms), and that leak current is large even If PN 
junction is formed. Accordingly, high performance 
electronic elements can not be produced. 

While, according to the method wherein the grown 
amorphous or polycrystailine silicon is melted and 
re-crystallized, since the single crystal layer is used 
as the semiconductor layer for producing the 
electronic elements, high performance electronic 
elements can be obtained. However, since the 
silicon layer is heated by the laser beam to be 
melted, there is a problem that the heating adversely 
affects the performance of the elements formed 
under the silicon layer. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide the 
semiconductor device and method for producing the 
same wherein the problems of the prior art as 
described in the above are solved. 

Another object of the present invention is to 
provide multi-layer structure semiconductor device 
with high performance elements using single or 
polycrystal, and method for producing the same 
easily and with high reliability. 

Further object of the present invention is to 
provide a semiconductor device and a method for 
producing the same wherein, on an underlayer 
wherein desired elements and/or wirings are 
formed, a layer with deposition surface is formed 
directly on the underlayer or in the configuration of 
sandwiching another layer therebetween the under- 
layer and the layer with deposition surface. On the 
deposition surface (Snds), a deposition surface 
(Sndl) of a material having sufficiently greater 
nucleation density than the nucleation density of a 
material forming the deposition surface (Snds) and 
being sufficiently fine so that only single nucleus is 
grown is provided. In a crystalline layer grown from 
the single nucleus grown on the deposition surface 
(Sndl). at least a desired element is formed. 

Still further object of the present invention is to 
provide a semiconductor device and method for 
producing the same. The semiconductor device has 
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an insulated gate type transistor. The insulated gate 
type transistor is formed on a surface of the 
insulating material, the surface of which is at least 
insulating. A single crystal layer forming the insu- 
lated gate type transistor is produced by providing 
nucleation base having sufficiently greater nuclea- 
tion density than the insulating material and being 
sufficiently fine so that only one nucleus is grown, 
and growing the single crystai from the one nucleus 
grown on the nucleation base. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graph for illustration of the 
relationship between the size of nucleus re and 
free energy G in the process of forming thin 
film; 

Figs. 2A and 2B are illustrations of the 
selective deposition method; 

Fig. 3 is a graph showing the change with 
lapse of time of nucleation density (ND) on the 
deposition surface of S1O2 and the deposition 
surface of silicon nitride; 

Rgs. 4A to 4D are illustrations of the 
formation steps showing a first embodiment of 
the method for forming crystal relating to the 
present invention; 

Figs. 5A and 5B are perspective views of the . 
substrate in Figs. 4A to 4D ; 

Figs. 6-1 A to 6-1 D are illustrations of the 
formation steps showing a second embodiment 
of the method for forming single crystal relating 
to the present invention; 

Figs. 6-2A and 6-2B are perspective views of 
the substrates in Figs. 6-1 A to 6-1 D ; 

Figs. 7A to 7D are illustrations of the steps for 
forming crystal showing a third embodiment of 
the method for forming crystal relating to the 
present invention; 

Figs. 8-1 A to 8-1 C are illustrations of forma- 
tion steps showing a fourth embodiment of the 
method for forming crystal relating to the 
present invention; 

Figs. 8-2A and 8-2B are perspective views of 
the substrates in Figs. 8-1 A to 8-1C; 

Figs. 9A to 9C are illustrations of the steps for 
forming crystal showing a fifth embodiment of 
the method for forming crystal relating to the 
present invention; 

Figs. 10A to 10D are illustrations of the steps 
for forming crystal showing a sixth embodiment 
of the method for forming crystal relating to the 
present invention; 

Fig. 11 is a graph showing the relationship 
between the flow rate of SiH 4 and NH 3 and 
the composition ratio of Si and N in the silicon 
nitride film formed ; 

Fig. 12 is a graph showing the relationship 
between Si/N composition ratio and nucleation 
density; 

Fig. 13 is a graph showing the relationship 
between the injected amount of Si ions and 
nucleations density; 

Fig. 14 is a graph showing the time depend- 
ency of nucleation density of diamond nuclei on 
Fe, Co t Si and Mo. 



Fig. 15 is a schematic illustrative sectional 
view showing a multi-layer structure semicon- 
ductor device according to a first embodiment 
of the present invention; 
5 Fig. 16 is a schematic illustrative sectional 

view showing a multi-layer structure semicon- 
ductor device according to a second embodi- 
ment of the present invention; 

Fig. 17 is a schematic illustrative sectional 
10 view showing a semiconductor device accord- 

ing to a third embodiment of the present 
invention; and 

Fig. 18 is a schematic Illustrative sectional 
view showing a fourth embodiment of the 
is present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 
For better understanding of the present invention, 
20 first the general process for forming a thin film of 
metal for semiconductor is explained. 

When the deposition surface is made of a material 
different In kind from the flying atom, particularly an 
amorphous material, the flying atoms are diffused 
25 freely on the substrate surface, or again evaporated 
(released). And, as the result of collision mutually 
between the atoms, a nucleus is formed and when 
its size becomes the size rc (= -2 oo/gv) at which 
its free energy G becomes the maximum (critical 
30 nucleus), G is reduced and the nucleus continues to 
grow stably three-dimensionaily to become shaped 
in an island. The nucleus wfth the size exceeding rc 
is called stable nucleus, and unless otherwise 
particularly noted, "nucleus" in the following basic 
35 description of the present invention refers to this 
"stable nucleus". Also, among "stable nucleus", 
those with small r are called "initial nucleus". 

The free energy generated by formation of 
nucleus is represented as follows: 
40 G = 4/rf(0)(ao r 2 +1/3 • gv . 1*) 
H6) - 1/4{2-3cos 0+ cos20) 
wherein, r: radius curvature of nucleus 
B : contact angle of nucleus 
gv: free energy per unit deposition 
45 00: surface energy between nucleus and vacuum. 

Fig. 1 shows the manner in which G is changed. In 
the same Figure, the radius of curvature of the stable 
uncleus when G is at the maximum value is ro. 
Thus, nuclei grow to become shaped in isfands t 
50 and further grow whereby contact mutually between 
islands progresses until sometimes coalescence 
occurs and via a network structure, it becomes 
finally a continuous film to cover completely over the 
substrate surface. Following such a process, a thin 
55 film is deposited on the substrate. 

In the deposition process as described above, the 
density of nucleus formed per unit area of the 
substrate surface, the size of nucleus and the 
nucleation speed are determined depending on the 
60 state of the system of deposition, and particularly 
the interaction between the flying atoms and the 
substrate surface material is an important factor. 
Also, a specific crystal direction grows in parallel to 
the substrate due to anisotropy relative to the crystal 
65 surface of the interface energy at the Interface 
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between the deposited material and the substrate, 
and when the substrate is amorphous, the crystal 
direction within the substrate plane is not constant. 
For this reason, grain boundaries are formed by 
coiiision mutually between nuclei or islands, and 
particularly in the case of collision mutually between 
islands with some sizes or greater, grain boundaries 
are formed as such rather than occurrence of 
coalescence. Since the grain boundaries formed are 
difficulty movable in the solid phase, the grain sizes 
are determined at that point. 

Next, the selective deposition method for forming 
a deposited film selectively on the deposition 
surface Is to be described. The selective deposition 
method is a method In which a thin film Is formed 
selectively on the substrate by utilizing the differen- 
ces between the materials in factors influencing 
nucleus formation in the thin film forming process 
such as surface energy, attachment coefficient, 
release coefficinet, surface diffusion speed, etc. 

Figs. 2A and 2B are illustrations of the selective 
deposition method. First, as shown in Fig.2A on the 
substrate 1, a thin film 2 comprising a material 
different in the above factors from the substrate 1 is 
formed at a desired portion. And, when deposition of 
a thin film comprising an appropriate material is 
effected under appropriate deposition conditions, a 
thin film 3 grows only on the thin film 2, whereby it is 
possible to give rise to a phenomenon that no 
growth occurs on the substrate 1. By utilizing this 
phenomenon, the thin film 3 formed seif-matchingly 
can be grown, whereby it becomes possible to omit 
the lithographic step by use of a resist as practiced 
In the prior art. 

As the material for enabling deposition according 
to such selective formation method, for example, 
SiO 2 rnay be used as the substrate 1, Si, GaAs, 
silicon nitride as the thin film 2 and Si, W, GaAs, InP, 
etc., as the thin film 3 to be deposited. 

Fjg. 3 is a graph showing the change with lapse of 
time of nucleation density on the deposited surface 
of SiO 2 and the deposited surface of silicon nitride. 

As shown in the same graph, soon after initiation 
deposition, the nucleation density on SiO 2 is 
saturated at 10 3 cm - 2 or less, and the value is not 
substantially changed even after 20 minutes. 

In contrast, on silicon nitride (Si 3 N 4 ), it is once 
saturated at about 4 x 10 5 cm ' 2 or less, Is not 
substantially changed 10 minutes thereafter, but is 
abruptly increased thereafter. This measurement 
example shows the case in which SiCI 4 gas is 
diluted with H 2 and deposited according to the 
CVD method under the conditions of a pressure of _ 
170 Torr and a temperature of 1000°C. Otherwise, 
the same action can be obtained by use of SiH A , 
SIH 2 CI 2 , SiHCi 3 . SiF 4 , etc., as the reaction gas. 
and controlling the pressure, temperature, etc. Also, 
the vacuum vapor deposition can be employed. 

In this case, nucleation on SiO 2 poses substan- 
tially no problem, but by addition of HCI gas into the 
reaction gas, nucleation on SiO 2 can be further 
suppressed to make deposition of Si on Si0 2 
perfectly zero. 

Such a phenomenon depends greatly on the 
difference in adsorption coefficinet, release coeffi- 



cient, surface diffusion coefficinet, etc., relative to Si 
of the material surfaces of SiO 2 and silicon nitride, 
but the fact that SiO 2 itself is etched by the reaction 
of SiO 2 with Si atom itself to form silicon monoox- 
5 Ide with higher vapor pressure, while no such 
etching phenomenon occurs on silicon nitride may 
be also considered to be a cause to effect selective 
deposition (T. Yonehara, S. Yoshioka, S. Miyazawa. 
Journal of Applied Physics 53. 6839, 1982). 
10 Thus, by selecting SIO 2 and silicon nitride as the 
materials of the deposition surface and silicon as the 
material to be deposited, sufficiently great nuclea- 
tion density difference as shown in the same graph 
can be Obtained. Here, although SiO 2 is desirable 
15 as the materia! for the deposition surface; this is not 
limitative and sufficiently practical nucleation density 
difference can be obtained even by use of SiO* (0 < 
x < 2). . ^ A 

Of course, the present invention is not limited to 
20 these materials, but the difference in nucleation 
density {AMD) may be sufficinetly 103-fold or more 
In density of nuclei as shown by the same graph, and 
sufficient selective formation of deposited film can 
be done with the materials as examplified below. 
25 As another method for obtaining this nucleation 
density difference (ulND), ions of Si or N may be 
injected locally into the Si0 2 surface to form a 
region having excessive Si or N. 
The present invention utilizes selective deposition 
30 based on such nucleation density difference ( A ND) 
and, by forming sufficiently finely so that a single 
nucleus may grow on the deposition surface of a 
different kind of material having sufficiently greater 
nucleation density than the material of the deposi- 
355 tion surface, a single crystal can be grown selec- 
tively only at the site where such fine different kind of 
"material exists. 

In this connection, since selective growth of a 
single crystal is determined depending on the 
40 electron state of the deposition surface, particularly 
the state of dangling bonds, the material with lower 
nucleation density (for example, Si0 2 ) is not 
required to be a bulk material, but it may be formed 
only on the surface of any desired material, sub- 
45 strate, etc.. to form the above deposited surface. 

In the following, the present invention is described 
in detail by referring to the drawings. 

Figs. 4A to 4D are illustrations of the formation 
steps showing a first embodiment of the method for 
50 forming crystal relating to the present invention, and 
Rgs. 5A and 5B are perspective views of the 
substrates in Figs. 4A and 4D. First, as shown in 
Fig. 4A and Fig. 5A, on the substrate 4, a thin film 5 
[deposition surface (S N ds)3 with small nucleation 
55 density which enables selective deposition is formed 
and a material different from the material forming the 
thin film 5 with greater nucleation density is 
deposited thinly, followed by patterning according to 
lithography, etc., to form sufficiently finely deposition 
60 surface 6 (Sndl) (or called "Seed") comprising a 
different kind of material. However, the size, the 
crystal structure and the composition of the sub- 
strate 4 may be any desired ones, and a substrate 
having afunctional device formed thereon prepared 
65 according to conventional semiconductor technique 
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may be employed. Also, the deposition surface 
(Sndl) 6 comprising a different kind of material is 
also inclusive of modified regions having excessive 
Si or N formed by ion injection of Si or N into the thin 
film 5 as described above. 

Next, by selection of appropriate deposition 
conditions, a single crystal of a thin film material is 
formed only on the deposition surface (Sndl) 6. That 
is, the deposition surface (Sndl) 6 is required to be 
formed sufficiently finely so that only a single 
nucleus may be formed thereon. The size of the 
deposition surface (Sndl) 6, which may differ 
depending on the kind of the material, may be 
several microns or less. Further, the nucleus grows 
while maintaining a single crystal structure to 
become a single crystal grain 7 in shape of an island 
as shown in Fig. 4B. For forming an island-shaped 
single crystal grain 7, it is desirable to determine the 
conditions so that no nucleation may occur at all on 
the thin film 5, as already mentioned. 

The island-shaped single crystal grain 7 further 
grows while maintaining the single crystal structure 
with the deposition surface (Sndl) 6 as the center 
(lateral overgrowth), whereby it can cover over the 
whole thin film 5 as shown in Fig. 4C (single crystal 
7A). 

Subsequently, if necessary, the single crystal 7A Is 
flattened by etching or polishing, and a single crystal 
layer 8 capable of forming a desired device can be 
formed on the thin film 5 as shown in Fig. 4D and 
Fig. 5B. 

For forming thus the thin film 5 forming the 
nonnucleation surface (Snds) on the substrate 4, 
any desired material can be used for the substrate 4 
which is the supporting member. Further, in such a 
case, even when the substrate 4 may be one having 
a functional device, etc., formed thereon according 
to conventional semiconductor technique, the single 
crystal layer 8 can be easily formed thereon. 
. In the above embodiment, the nonnucleation 
surface (Snds) is formed of thin film 5, but a 
substrate comprising a material with small nuclea- 
tion density (ND) enabling selective nucleation may 
be used as such and nucleation surfaces (Sndl) may 
be provided at any desired positions to form single 
crystal layers similarly thereon. 

Figs 6-1 A 6-1 D are illustrations of the formation 
steps showing a second embodiment of the method 
for forming crystal relating to the present invention, 
and Figs. 6-2A and 6-2B are perspective views of the 
substances in Figs. 6-1A and 6-1D. 

As shown in Fig. 6-1 A and 6-2A, on the amor- 
phous insulating substrate 1 1 , with an interval of a 
distance nucleation surfaces (Sndl) 12-1, 12-2 of 
a material different from the substrate 11 enabling 
the above selective nucleation are arranged suffi- 
ciently finely. The distance ZJs set equal to the size 
of the single crystal region required for formation of 
semiconductor device or group of devices or 
greater. 

Next, by selecting appropriate crystal forming 
conditions, on the nucleation surfaces (Sndl) 12-1, 
12-2 only a nucleus of a crystal forming naterial is 
formed. That is, the nucleation surfaces 12-1, 12-2 
are required to be formed to a sufficiently fine size 



(area) to the extent that only a single nucleus may be 
formed. The size of the nuleatin surfaces (Sndl) 

12- 1, 12-2, which may be different depending on the 
kind of the material, may be several microns or less. 

5 Further, the nucleus grows while maintaining the 
single crystal structure, anp! become island-shaped 
single crystal grains 13-1 , 13-2 as shown in Fig. 6-1 B. 
For forming island-shaped single crystal grains 13-1, 

13- 2, it is desirable to determine the conditions so 
io that no nucleation may occur at all on other surfaces 

than the nucleation surfaces (Sndl) on the substrate 
11. 

The crystal direction in the normal line direction of 
the substrate 11 of the island-shaped single crystal 

15 grains 13-1, 13-2 is determined so as to make the 
interface energy of the material of the substrate 11 
and the material forming nucleus minimum. For, 
surface or interface energy has anisotropy depend- 
ing on the crystal face. However, as already 

20 mentioned, the crystal direction within the substrate 
plane in amorphous substrate Is not determined. 

The Island-shaped single crystal grains 13-1, 13-2 
further grow to become single crystals 13A-1.13A-2 
until the adjacent single crystals 13A-1, 13A-2 

25 contact each other as shown in Fig. 6-1 C, but since 
the crystal direction within the substrate plane is not 
constant, a crystal grain boundary 14 is formed at 
the intermediate position between the nucleation 
surfaces (Sndl) 12-1 and 12-2. 

30 Subsequently, the single crystals 13A-1, 13A-2 
grow three-dimensionally, but crystal faces with slow 
growth speed appear as the fact. For this reason, the 
surfaces of single crystals 13A-1 , 13A-2 are flattened 
by etching or polishing, and further the portion of the 

35 grain boundary 14 is removed to form thin films of 
single crystals 15-1, 15-2 containing no grain 
boundary in shape of lattices as shown in Fig t 6-1 D 
and Fig. 6B. The size of the single crystal films 15-1, 
15-2, 15 is determined by the interval £_between the 

40 nucleation surfaces (Sndl) as described above. That 
is, by determining appropriately the formation pat- 
tern of the nucleation surface (Sndl) 12, the position 
of the grain boundary can be controlled to form 
single crystals with desired sizes at a desired 

45 arrangement. 

Figs. 7A - 7D are illustration of the steps for 
forming crystal showing a third embodiment of the 
method for forming crystal relating to the present 
invention. As shown In these figures, similarly as in 

50 the first embodiment, a nonnucleation surface 
(Snds) 6 shaped in a thin film comprising a materia] 
with small nucleation density (ND) enabling selective 
nucleation is formed on a desired substrate 4, and a 
nucleation surfaces (Sndl) 12 comprising a different 

55 material with greater nucleation density (ND) are 
formed at intervals of fctoereon, whereby single 
crystal layers 15 can be formed similarly as in the 
above third embodiment. 

Figs. 8-1 A - 8-1 C are illustrations of the formation 

$0 steps showing a fourth embodiment of the method 
for forming crystal relating to the present invention, 
and Figs. 8-2A and 8-2B are perspective views of the 
substances in Figs. 8-1 A and 8-1 C First, as shown in 
Fig.8-1A and Fig.8-2A, concavities 16? with desired 

65 size and shape are formed on the amorphous 
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insulating substrate 11, and nucleation surfaces 
(Sndl) 12 with sufficiently fine size for forming only 
single nucleus are formed therein. 

Subsequently, as shown in Fig. 8-1, island-shaped 
single crystal grains 13 are grown similarly as in the 
first embodiment. 

And, as shown in Fig. 8-1 C and Fig. 8-2B, single 
crystal grains 13 are grown until enbedding the 
concavity 16 to form a single crystal layer 17. 

In this embodiment, since single crystal grains 13 
flow within the concavity 16, the steps of flattening 
and removing the grain portion become unnecess- 
ary. 

Figs. 9A - 9C are steps for forming crystal show- 
ing a fifth embodiment of the present invention. As 
shown in the same Figure, on any desired sub- 
strate 4 similarly as in the first embodiment, a 
nonnucleation surface (Snds) shaped in thin film 18 
comprising a material with samll nucleation density 
(ND) enabling selective nucleation is formed, and a 
concavity 16 with desired size and shape is formed 
thereon. And, a nucleation surface (Sndl) 12 
comprising a material different from the material 
forming the nonnucleation surface (Snds) with 
greater nucleation density (ND) is formed therein, 
and a single crystal layer 17 is formed similarly as in 
the fifth embodiment. . 

Figs. 10A - 10D are illustrations of the steps for 
forming crystal showing an sixth embodiment of the 
present invention. 

Figs. 10A - 10C are the same as Figs. 6-1 A - 6-1 C. 
That is, a plurality (two in the Figure) of nucleation 
surfaces 12 are formed with an interval of J^, and 
single crystal grains 13 subjected to overgrowth on 
the nucleation surfaces 12 are formed. By permitting 
the single crystal grains 13 to further grow to form 
single crystals 13A, a grain boundary 14 is formed 
approximately at the center between the nucleation 
surfaces (Sndl), and by flattening the surface of 
single crystal 13A. a porycrystaliine layer 21 with 
regular grains sizes which are approximately equal 
to % as shown in Fig. 10 can be obtained. 

Since the grain size of the polycrystalline layer 21 
is determined by the interval .^between the nuclea- 
tion surfaces (Sndl) 12, it becomes possible to 
control the grain size of the polycrystal. In the prior 
art, the grain size of a polycrystal was changed by a 
plural number of factors such as the formation 
method, formation temperature, etc., and also when 
preparing a polycrystal with large grain size, it had a 
grain size distribution with a considerable width. 
However, according to the present invention, the 
grain size and grain size distribution can be 
determined with good controllability by the interval 
Jlbetween the nucleation surfaces 12. 

Of course, as shown in Fig. 9. the above 
polycrystal layer 21 may be formed by forming a 
nonnucleation surface (Snds) 5 with small nucleation 
density (ND) on a desired substrate 4 and nucleation 
surfaces (Sndl) 12-1. 12-2 with greater nucleation 
density (ND) In this case, as already mentioned, the 
substrate material and structure are not limited, but 
the polycrystal layer 21 can be formed by controlling 
the grain size and the grain size distribution. 
Next, the specific method for forming a single 
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crystal layer or a polycrystal layer in the above 
respective embodiments is described in more detail 
by referring primarily to the third embodiment shown 
in fig. 6-1 and the eigth embodiment shown in 

5 Fig. 10. 

By thermal oxidation of a Si single crystal wafer to 
form SiO z on the surface, a substrate 11 is 
obtained with its surface being formed into nonnu- 
cleatiorr surface (Snds). Of course, a quartz sub- 

10 strate which is a material with small nucleation 
density (ND) can be also used as the substrate 1 1 , or 
alternatively nonnucleation surface (Snds) may be 
provided by forming SiO 2 layer on the surface of 
any desired base substrate such as metal, semicon- 

15 ductor, magnetic material, piezoelectric material, 
insulator, etc., by use of the sputtering method, the 
CVD method, the vacuum vapor depostion method, 
etc. Also, as the material forming nonnucleation 
surface (SndsK SiO 2 is desirable, but SiO x (0 < x 

20 < 1) with the value of x being varied may be also 
employed. 

On the SiO 2 layer of the substrate 11 having 
SiO 2 layer thus formed on the surface is deposited 
as silicon nitride layer (e.g. Si 3 N 4 layer) or a 
25 . polycrystalline silicon layer according to the reduced 
pressure chemical vapor deposition method, and 
subsequently the silicon nitride layer or polycrystal- 
line silicon layer is subjected to patterning according 
to conventional lithographic technique or litho- 

30 graphic technique by use of X-ray, electron beam or 
ion beam, whereby nucleation surfaces (Sndl) 12 
having fine area of preferably 10 um or less, more 
preferably several micron or less, optimully about 1 
um or less, are obtained. 

35 Subsequently, by use of SiH 2 CI 2 . SiCI 4 , 
SiHCl 3 , SiF 4 or SiH 4 , or a gas mixture of these, 
optionally mixed with HCI, H 2 or a gas mixture of 
these, Si single crystal Is selectively grown on the 
about substrate 11. 

40 The substrate temperature, pressure, etc., may be 
conveniently determined, but the substrate tem- 
perature may be preferably 700 to 1100°C, and the 
pressure may be preferably about 100 Torr. 
Within a time of about some 10 minutes, by 

45 selection of optimum growth conditions, grains 13 of 
single crystals of Si grow on the nucleation surfaces 
(Snds) 12 comprising silicon nitride layer or polycry- 
stalline silicon layer on the SiO 2 (ayer as the center, 
and grow to sizes of some 10 urn or more. 

50 Subsequently, by the reactive ion etching (RIE) 
method utilizing the etching speed difference bet- 
ween Si and SiO 2 , the surface of the single crystal 
13A is flattened by selective etching of only Si, 
whereby a polycrystalline silicon layer 21 controlled 

55 in grain size can be formed (Fig. 10 D). Further, by 
removing the grain boundary portion, an island- 
shaped single, crystalline silicon layer 15 is formed 
(Fig. 6-1 D). If uneveness on the surface of the single 
crystal grain 13 is large, mechanical polishing may be 

60 conducted before etching. When an electrical field 
effect transistor is formed according to conventional 
semiconductor device preparation technique on the 
single crystal silicon layer 15 thus formed with a size 
of some 10 um or more containing no grain 

65 boundary, characteristics not inferior to that formed 
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on single silicon wafer are exhibited. 

Also, mutual interference between the adjacent 
single crystal silicon layers 15 can be prevented, if 
they are electrically separated by an electrical 
insulator such as SiO 2 , even If a complementary 
type electrical field effect transistor (C-MOS) may be 
constituted. 

Also, since the thickness of the active layer of the 
device formed is thinner than the case when 
employing Si wafer, there is no erroneous actuation 
by the charges generated when radiation is irradi- 
ated. Further, due to lowering In unwanted capacity, 
speed-up of the device can be effected. Also, since 
any desired substrate can be used, a single crystal 
layer can be formed on a substrate of large area at 
lower cost than when employing SI wafer. Further, 
since a single crystal layer can be formed also on 
other semiconductors, piezoelectric materials, die- 
lectric materials, etc., a multi-functional three- 
dimensional integrated circuit can be realized. Thus, 
the present invention exhibits a number of excellent 
effects. 

(Composition of silicon nitride) 

For obtaining sufficient nucleation density dif- 
ference {AND) between the materia) for formation 
of nonnucleation surface (Snds) and the material for 
formation of nucleation surface (Sndl) as described 
above, for polycrystaJline silicon or SiO 2 as the 
material for formation of nonnucleation surface 
(Snds) to be used fn combination, the material for 
formation of nucleation surface (Sndl) is not limited 
to Si 3 N 4 , but silicon nitrides with various chemical 
composition ratios may be employed. 

The chemical composition ratio of silicon nitride 
may be varied as follows. 

In the- plasma CVD method for forming silicon 
nitride film at low temperature by decomposition of 
SiH 4 gas and NH 3 gas in RF plasma, by varying the 
flow rate ratio of StH 4 gas and NH 3 gas, the 
composition ratio of Si and N in the deposited silicon 
nitride film can be varied to a great extent. 

Fig. 11 is a graph showing an example of the 
relationship between the flow rate ratio of SiH 4 and 
NH 3 and the composition ratio of Si and N in the 
silicon nitride film formed. 

The deposition conditions at this time were RF 
output of 175 W, substrate temperature of 380° C 
and the flow rate of NH 3 gas was varied with the 
SiH 4 gas flow rate being fixed at cc/min. As shown 
in the same graph, by varying the gas flow rate ratio 
of NH 3 /SIH 4 from 4 to 10, the Si/N ratio in the 
silicon nitride film was found to be varied from 1 .1 to 
0.58 according to Auger's electron spectrophoto- 
metry. 

On the other hand, the composition of the silicon 
nitride film formed according to the reduced press- 
ure CVD method by introducing SiH 2 CI 2 gas and 
NH 3 gas under the conditions of a reduced 
pressure of 0.3 Torr and a temperature of about 
800° C was found to be Si 3 N 4 (Si/N « 0.75) which 
is approximately the stoichiometric ratio. 

Also, the silicon nitride film formed by heat 
treatment at about 1200° C in ammonia or N 2 (hot 
nitrification method) can be obtained with a compo- 



sition further approximate to the stoichiometric ratio, 
since the formation method is performed under 
thermal equilibrium. 

By use of silicon nitrides formed by the various 
5 methods as described above as the material for 
forming nucleation surface (Sndl) with higher nu- 
cleation density than SiO 2 . the above nucleus of Si 
can be grown on the nucleation surface (Sndl) 
comprising silicon nitride to form Si single crystal 
10 based on the nucleation density ( A ND) correspond- 
ing to the chemical composition ratio of silicon 
nitride. 

Fig. 12 is a graph showing the relationship 
between Si/N composition ratio and nucleation 

15 density MND). As shown in the same graph, by 
varying the chemical composition ratio of the silicon 
nitride film, the nucleation density of the SI single 
crystal nucleus formed thereon changes to a great 
extent. The nucleation conditions in the graph 

20 shown in Fig. 17 correspond to the case when Si 
single crystal nucleus was formed by reacting SiCI 4 
gas reduced to 175 Torr wfth H 2 at 1000°c: Of 
course, another graph will be obtained if nucleation 
conditions such as gas species, pressure, tempera- 

25 ture, etc., are changed. 

The phenomenon that the nucleation density thus 
changes according to the chemical composition 
ratio of silicon nitride affects the size (area) of the 
nucleation surface (Sndl) when employing silicon 

30 nitride as the material for forming the nucleation 
surface (Sndl) which is formed sufficiently finely to 
the extent that a single nucleus may be grown. That 
Is, when employing silicon nitride having a composi- 
tion with great nucleation density (ND) only a single 

35 crystal can be formed on the nucleation surface 
(Sndl) by forming the nucleation surface (Sndl) 
extremely finely as compared with the silicon nitride 
with relatively smaller nucleation density (ND).Such 
a point is applicable as a similar tendency for other 

40 materials for forming nucleation surface (Sndl)- 
Accordingly, in the present invention, for accom- 
plishing its objects effectively, it is desirable to 
select a nucleation density (ND) and a size of 
nucleation surface (Sndl) formed of silicon nitride, 

45 etc., capable of forming only a single crystal suitably 
as desired. For example, under the nucleation 
condition for obtaining a nucleation density (ND) of 
about 10 s cm " 2 or less, it Is possible to form 
selectively, only a single nucleus, of the size of the 

50 nucleation surface (SNDL)comprising silicon nitride 
is about 4 u,m or less. The Si/N ratio in that case is 
about 0.5. 

(formation of nucleation surface (Sndl) by ion 

55 injection) 

As another method for realizing nucleation density 
difference when forming Si single crystal nucleus, 
ion injection of Si, N, P, B, F, Ar, He, C, As, Ga ( Ge, 
etc., may be effected locally onto the surface 

60 comprising SiO 2 which is a material for forming 
nonnucleation surface (Snds) with smaller nuclea- 
tion density to form a modified region with a desired 
size on the SiO 2 surface, and utilize this modified 
region as the nucleation surface (Sndl) with greater 

65 nucleation density (ND). 
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For example, the SiO z layer surface is covered 
with a photoresist layer and the desired portions are 
exposed, developed and dissolved to have the 
SiO 2 layer surface exposed. 

Subsequently, by use of SiF A gas as the source 
gas, Si ions are implanted onto the SiO 2 layer 
surface exposed at 10 keV at a density of 1 x 10 16 
~ 1 x 10 18 cm - 2 . The projected flying distance in 
this case is 114 A, and the Si concentration on the 
exposed surface of SiO 2 layer reaches about 10 22 
cm " 3 or less. Since the SiO 2 layer is originally 
amorphous, the modified layer made excessively 
enriched in SI by injection of SI ions is also 
amorphous. 

For formation of a modified region, ion injection 
can be effected with the use of a resist as the mask, 
but it is also possible to inject a narrowed Si ion 
beam selectively at a desired position on the Si0 2 
layer surface within a desired area without use of a 
resist mark by use of converged ion beam tech- 
nique. 

After having thus effected Si ion injection, by 
peeling of the resist on the remaining portion, 
Si-excessive modified region is formed on the Si0 2 
layer surface at a desired position with a desired 
size. On the modified region of the Si0 2 layer 
surface having such modified region formed, Si 
single crystal is permitted to grow in vapor phase. 

Fig. 13 is a graph showing the relationship 
between amount of Si Ions Injected and nucleation 
density (ND). 

As shown in the same graph, it can be understood 
that nucleation density (ND) is increased as the 
amount of Si + injected is more. 

Accordingly, by forming a modified region suffi- 
ciently finely, only a single nucleus of Si can be 
grown with the modified region being as the 
nucleation surface (Sndl), whereby a single crystal 
can be grown as described above. 

It can be easily accomplished by patterning of a 
resist or narrowing of beam of the converged ton 
beam to form sufficiently finely the modified region 
to the extent that only a single nucleus may grow. 

(Method forformation of SI single nucleus other than 
CVD) 

For growth of single crystal by selective nuclea- 
tion of Si, not only the CVD method, but also the 
method by evaporation of Si into vacuum ( < 10' 6 
Torr) with an electrom gun and deposition on a 
heated substrate may be used. Particularly, In the 
MBE (Molecular Beam Epitaxy) method which 
performs vapor depostion in ultra-high vaccum ( < ^ 
1 0 - 9 Torr), it has been known that Si beam begins 
to react with Si0 2 at a substrate temperature of 
900° C or higher, whereby no nucleation of Si occurs 
on SiO 2 at all (T. Yonehara, S. Yoshioka and S. 
Miyazawa, Journal of Applied Physics 53, 10, p. 6839, 
1983). 

By utilizing this phenomenon, single crystal nuclei 
of Si can be formed with perfect selectivity on the 
fine silicon nitride regions permitted to exist in spots 
on the SiO 2 layer, and single crystal Si can be 
grown thereon. The single crystal growth conditions 
as preferable example at this time may be, for 



example, a vacuum degree of 10" 8 Torr or lower, 
Si beam intensity of 9.7 x 10 14 atoms/cm 2 • sec, 
and a substrate temperature of 900°C ~ 1000°C. 
In this case, through the reaction Si0 2 + Si 

5 _ *2SiO| , a reaction product of SIO with a remarkably 
high vapor pressure is formed, and etching of SiO 2 
itself with Si through this evaporation occurs. 

In contrast, no such etching phenomenon as 
mentioned above occurs on silicon nitride, but 

10 nucleation of Si single crystal and growth of single 
crystal occur. 

Accordingly, as the material for forming nucleation 
surface (Sndl) with high nucleation density (ND), 
tantalum oxide (Ta 2 0 B ), silicon nitride oxide 

15 (SiON), etc., can be also used other than silicon 
nitride to obtain the same effect. That is, by forming 
the above nucleation surface (Sndl) with these 
materials in fine areas, single crystals of Si can be 
permitted to grow similarly. 

20 

(Crystal growth of material other than Si) 

(1) As the crystalline material other than SI, the 
case of diamond is shown as an Example, as already 
mentioned, it has been desired to apply a diamond 

25 thin film as the semiconductor for electronic device, 
it has been impossible in the prior art to grow a 
diamond single crystal on a material other than the 
diamond substrate. 

However, according to the crystal growth method 

30 according to the present invention, a diamond single 
crystal can be easily grown on a material other than 
diamond substrate. Here, explanation is made about 
an example of forming a single crystal of diamond by 
utilizing the fact that no single crystal nucleus of 

35 diamond grows on the surface of a metal such as Fe 
or Co. 

First, on a desired base substrate, a metal layer of 
Fe or Co is formed by the vacuum vapor deposition 
method. In this case, the metal layer becomes a 
40 polycrystalllne structure. This metal layer forms the 
nonnucleation surface (Snds) with lower nucieation 
. density (ND) as mentioned in the present specifica- 
tion. 

Subsequently, on the above metal layer, a metal 

45 such as Cu, W, Ta, Mo, Au, Ti. Al, Ni, etc., is 
deposited according to the vacuum vapor deposi- 
tion method, or a semiconductor material such as Si, 
Ge, GaAs, InP, SiC, etc., according to the CVD 
method or the vacuum vapor deposition method. 

50 These metal and semiconductor materials are ma- 
terial having sufficiently higher nucleation density as 
compared with the above metal layer. Subsequently, 
this metal or semiconductor layer is subjected to 
patterning to a size of several micrometer to form a 

55 nucleation surface (Sndl) with a suffficinetly fine 
area. Alternatively, the nucleation surface (Sndl) 
comprising the above metal or semiconductor 
material may be formed by ion injection of the 
material as mentioned previously. 

60 Thus, diamond is crystallized on the metal layer 
where nucleation surface exists under the following _ 
conditions. 

As the method for crystallization of diamond, 
there may be employed the CVD method according 
65 to the microwave plasma CVD method, the hot 
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filament method, etc. As the starting gases, for 
example, there may be employed gas mixtures of 
methane (CH 4 ) and hydrogen (1 ~ 10 o/d), or 
hydrocarbons having alcoholic OH groups, specifi- 
cally methyl alcohol CH 3 OH, ethyl alcohol 
C 2 H 5 OH, tert-butyl alcohol (CH 3 ) 3 OH, isopro- 
pyl aJcohof (CH 3 ) 2 CHOH, diethyl ether 
C 2 H s OC 2 H e , etc., by bubbling these liquids 
with hydrogen gas. 

In the case of the plasma CVD method, it can be 
practiced, for example, under the conditions of a 
microwave output of 200 to 350 W, a substrate 
temperature of 500 to 1000° C and a reduced 
pressure of 1 to 400 Torr. 

In the case of the CVD method by use of the hot 
filament method, it can be practiced, for example, 
under the conditions of a filament temperature of 
about 1500 to 2000° C and a filament-substrate 
distance of 0.5 to 10 mm. 

As the result, no nucleation of diamond occurs at 
all on the metal layer of Fe or Co, but only a single 
diamond single crystal nucleus is formed on the 
nucleation surface (Sndl) with higher nucleation 
density (ND) finely formed on its surface, and 
thereafter diamond grains of single crystals grow to 
the sizes of some 10 um to some 100 urn with the 
single diamond nuclei as their centers. In these 
diamond grains, there may sometimes exist inter- 
nally the twin crystal grain boundaries without 
unpaired electrons depending on the crystal forming 
conditions, but there exists no grain boundary 
containing much unpaired electrons as found in the 
so called polycrystalline structure. This is because 
growth of a diamond single crystal from a single 
nucleus formed on the nucleation surface (Sndl) is 
not inhibited due to absence of formation of 
diamond nucleus on the nonnucleation surface 
(Snds) formed of a material such as Fe or Co with 
lower nucleation density. 

Fig. 14 is a graph showing the time dependency of 
nucleation density of the diamond on the surface of 
Fe, Co, Si, Mo. 

As shown in this graph, it is possible to take 
sufficiently a difference in nucleation density of 
diamond on the surface of a metal of Fe, Co and on 
the surface of Si, Mo. This point is the same as in the 
case of nucleation density of Si on the surface of 
Si 3 N 4 and on the surface of SiO 2 shown in Fig. 3. 

Thus, by forming a layer for formation of nonnu- 
cleation surface (Snds) with lower nucleation density 
(ND) on the base substrate of any desired material 
other than diamond substrate, and forming nuclea- 
tion surface (Sndl) with higher nucleation density 
(ND) thereon to a sufficinetly fine area, 'diamond 
single crystal can be formed with ease. Of course, as 
already mentioned, it is possible to form a diamond 
thin film of a polycrystalline structure with controlled 
grain size by arranging nucleation surfaces (Sndl) 
having fine areas at desired intervals. 

Also, according to the present invention, as the 
base substrate, it may be a substrate of the material 
capable of forming the above nonnucleation surface 
(Snds), and therefore the selection scope cart be 
broadened to a great extent to accomplish low cost 
and enlargement of area with ease. 



(2) Growth of tungsten single crystal 

Tungsten has been known to effect no nucleation 
on the surface of SiO 2 layer, but to be deposited as 
5 a polycrystalline film on Si, WSi 2 , PtSi, Al, etc. 

First, on the substrate such as glass composed 
mainly of Si0 2 , quartz, SIO 2 hot oxide film (all of 
these form nonnucleation surface (Snds)). Si, 
WSi 2 t PtSi or Al is deposited by vacuum vapor 

10 deposition, and subjected to patterning to a size of 
several ujt» or less by photolithography to form a 
desired number of nucleation surfaces (Sndl). 

Subsequently, the above substrate Is placed in, 
for example, a reaction furnace heated to 250 ~ 

15 500° C, and a gas mixture of WF e gas and hydrogen 
gas is permitted to flow under a reduced pressure of 
about 0.1 to 10 Torr, at the respective flow rates of 75 
cc/min and 10 cc/min. 

By doing so, tungsten Is formed as represented 

20 by the reaction scheme WF 6 + 3H 2 — > W + 6HF. 
In this case, the reactivity of tungsten with SIO 2 is 
extremely low to give no firm bonding, and therefore 
no nucleation occurs on the SIO 2 surface and 
hence no deposition Is effected. 

25 In contrast, on the above nucleation surface 
(Sndl) formed of Si, WSI 2 , PtSi, Al, etc., single 
crystal nuclei of tungsten are formed single crystal 
nuclei of tungsten singly, because nucleation sur- 
faces (Sndl) are formed finery. And, the single 

30 crystal of tungsten continues to grow and also 
grows as such single crystal also in the lateral 
direction on SiO 2 • This is because nonnucleus 
growth of tungsten occurs on Si0 2 , whereby no 
polycrystal is formed by Interference of single crystal 

35 growth. 

The combination of the nonnucleation surface 
(Snds) forming material, nucleation surface (Sndl) 
forming material and crystal forming material as 
described above is not limited to those shown in the 

40 above embodiments, but it may be clearly a 
combination of materials having sufficent nucleation 
density difference. Accordingly, also in the case of a 
compound semiconductor capable of selective nu- 
cleation such as GaAs, InP, etc., a single crystal, a 

45 group of single crystals or a polycrystal controlled In 
grain size and grain size distribution can be formed 
according to the present Invention. 

Fig. 15 is a schematic illustrative sectional view 
showing a multi-layer structure semiconductor de- 

50 vice according to a first embodiment of the present 
invention. 

In Fig. 15, on a substrate 1501 in which electronic 
element such as transistor 1 503 or the like is formed, 
a layer 1502 having a deposition surface (Snds) 

55 formed of small nucleation density material Is 
formed. On a surface (Sndl) of the layer 1502, 
nucleation surface [the deposition surface (Sndl)] 
1504 having sufflcientty small area and being formed 
of greater nucleation density Is located at a 

60 predetermined interval described as follows. Single 
crystal is grown with the surface 1504 as a center. 
Plurality of single crystal layers 1505 like an island 
are formed. Next, on each single crystal layer 1505 r 
for example, in the present embodiment, thin film 

65 transistor 1506 is formed. Since the layer 1502 on 
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which the transistor is formed is the insulating layer, 
the transistor has small parasitic capacitance there- 
fore achieves high speed operation. 

In the multi-layer structure semiconductor device 
as shown in Fig. 15, as the transistor 1503, for 
example, p-channel or n-channel MOS transistor is 
formed in the first layer (substrate) 1501 by 
conventional semiconductor process technique. 
Next, the single crystal layer 1505 of semiconductor 
material such as silicon or the like is formed by 
above described crystal producing technique. 

When , as the thin film transistor 1506, for 
example, n-channei MOS transistor is selected, the 
single crystal layer 1505 can be formed as follow. P 
type impurity is injected into the single crystal layer 
1505 by ion implantation technique or the like to 
selectively form P type semiconductor layers 1507 
and 1509. Next, by injecting n-type impurity, n-type 
semiconductor layer 1508 is selectively formed. 

Thus, the single crystal layer 1505 in which npn 
junction is formed is covered with electrically 
insulating layer 1510 such as SiO 2 or the like over 
the surface. Next, the insulating layer of the P type 
semiconductor layer 1507, 1509 is removed at 
predetermined position to expose the P type 
semiconductor layers 1507, 1509. At the exposed 
position, electrodes 1510, 1512. formed of metal 
such as Al or the like are provided. 

On the insulating layer 1510 over the n type 
semiconductor 1508, a gate electrode 1506 is 
formed of metal such as Al or the like. 

When, instead of n-channei MOS transistor, 
p-channel MOS transistor is produced, the conduc- 
tivity type of the semiconductor materials used in the 
above processing are reversed. That is, the n type 
and p type semiconductor layers are altered respec- 
tively to p type and n type semiconductor layers. 

Fig. 16 is a schematic illustrative sectional view 
showing a multi-layer structure semiconductor de- 
vice according to a second embodiment of the 
present invention. 

In Fig. 16, on a substrate 1602 as a first layer in 
which electronic elements such as transistor 1601 or 
the like are formed, a layers 1603 having deposition 
surfaces (Snds) formed by small nucleation density 
material is formed. At a concave portion 1604 of the 
layer 1603, a nucleation surface 1605 [a deposition 
surface (Sndl)] having sufficiently small area and 
being formed of greater nucleation density material 
is formed. A single crystal layer 1606 Is formed with 
nucleation surface 1605 as a center to fill and flatten 
the concave portion. In each single crystal layer 
1606, a second layer in which electronic element 
such as transistor 1607 or the like is formed Is' 
formed by conventional semiconductor processing. 
Next, on the second layer, a third layer 1608, a fourth 
tayer,...etc, can be produced by the same process as 
the second layer producing process. 

Further, in the above first and second embodi- 
ment, also, polycrystalline layer can be formed on 
the layer 1608 having deposition surface (Snds) if 
desired. 

The multi-layer structure semiconductor device as 
shown in Fig. 16 is a three dimensional semiconduc- 
tor device with more than three layers (In Rg. 16, the 



embodiment of only two layers in which electronic 
elements are incorporated is shown.). In the sub- 
strate 1602 as the first layer of single crystal silicon 
or the like, the electronic element 1601 for example 

5 MOS transistor is formed as desired by conventional 
silicon semiconductor process technique. On the 
first layer, the second layer 1603 of insulating 
material such as SiO 2 or the like by PCVD process, 
sputtering process or the like technique. In the 

10 second layer 1603, concave portion 1604 of desired 
size is formed by selective etching process. As 
described in the above, the nucleation surface 1605 
is formed. The single crystal layer 1606 such as 
single crystal silicon or the like Is formed in the 

15 concave portion 1604 with the nucleation surface 
1605 as a center. 

In the single crystal layer 1606, an electronic 
element 1607, for example, n-channel or p-channel 
MOS transistor is formed by conventional semicon- 

20 ductor process technique. 

For example, in case of p-channel MOS transistor, 
within the single crystal layer 1606, n type semicon- 
ductor regions 1609, 1610 are formed in the p type 
semiconductor region by ion implantation or diffu- 

25 sion process. Preliminary provided insulating oxide 
film such as SiO 2 or the like is removed at positions 
over the n type semiconductor regions 1609, 1610 At 
the positions, the electrodes 1611, 1612 formed of 
metal such as Al or the like are provided. On the 

30 insulating oxide film over the p-channel portion, the 
gate electrode 1613 formed of metal such as Al or 
the like Is provided. Thus, the electronic element 
1607 is formed In the second layer 1603. Then, over 
the second layer 1603, further, the third layer 1608 is 

35 formed by a process like the second layer producing 
process. In the third layer 1608, electronic element is 
formed like the second layer 1603. 

Rg. 17 is a schematic illustrative sectional view 
showing a semiconductor device according to a 

40 third embodiment of the present invention. 

In Rg. 17, the substrate 1701 is made of desired 
materials such as semiconductor material and 
insulating material such as quartz, ceramic, or the 
like. 

45 On a substrate 1701, an insulating layer 1702 
formed of material having small nucleation density 
for growing the silicon is provided. As the material of 
the insulating layer 1702, SiO 2 is used In the 
present embodiment. SIO 2 Is produced by oxidiza- 

50 tion or CVD process. 

On the insulating layer 1702, n-channel MOS 
transistor 1703 and p-channel MOS transistor 1704 
are formed. They constitute C-MOS. Producing 
process of transistors 1703 and 1704 is described as 

55 follows. 

.Rrstly, on the insulating layer 1702, a material 
(Silicon nitride is used In the present embodiment.) 
of greater nucleation density than SiO 2 is provided. 
Next, the material is patterned to have a sufficiently 

60 small area approximately 1.0 urn square. Thereby, a 
nucleation region 1705 is formed. Further, the 
nucleation region 1705 may be formed by ion 
implantation as described in the above. 
Next, single crystal silicon is grown with the 

65 nucleation region 1705 as a center at 700 — 1000° C 
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by using Hz gas as a carrier and SiHCl 4 , SiHCI 3 , 
etc. Such grown single crystal silicon is flattened to 
form a single crystal silicon layer 1706 like island. 

Next, p type Impurity ion and n type impurity ion 
are respecitvely independently implanted into a 5 
single crystal silicon layer 1706 in which a transistor 
1703 Is formed and a single crystal silicon 1706 In 
which a transistor 1704 is formed. 

Next, a gate insulating fiim 1707 is formed on each 
single crystal silicon layer 1704. Further gate 10 
electrode 1708 of polycrystal silicon is formed by 
patterning. Next, n type impurity ion and p type 
impurity ion are implanted respectively into the 
transistor 1703 side and the transistor 1704 side by 
using the gate electrode 1 708 as a mask. During next 15 
heating process, n diffusion regions 1711, 1712, and 
p diffusion regions 1714, 1715 are formed as source 
• drain region. 

Simultaneously, p-channel region 1713 and 
n-channel region 1716 are also formed. 20 

Finally, source • drain electrodes 1709 and 1710 
and wiring are formed, n-channel MOS transistor 
1703 and p-channel MOS transistor 1704 constitut- 
ing C-MOS are formed. 

Thus, resulted MOS transistor has much smaller 25 
floating capacitance of sorce and drain than that of 
conventional pn junction type one. Further, channel 
mobility for n-channel MOS transistor 1703 is greater 
than 400 cm 2 /V • sec. And, channel mobility for 
p-channel MOS transistor 1704 is greater than 200 30 
cm 2 /v • sec. The mobility is approximated the same 
value as that of a transistor formed on a silicon 
wafer. This fact proves that high quality single crystal 
silicon is obtained by the above selective crystal 
growth. 35 

Further, though MOS transistors are provided, to 
constitute C-MOS in the present embodiment, of 
cource, the present invention is not limited to the 
C-MOS embodiment For example, independently 
provided MOS transistor can be produced. Further, 40 
the present invention is applicable not limited to 
MOS transistor but to any insulated gate type 
transistor suitable for large scale integration. 

Fig. 18 Is a schematic illustrative sectional view 
showing a fourth embodiment of the present 45 
invention. Like the present embodiment, MOS 
transistor can be produced by forming an inter-layer 
insulating layer 1802 of SiO 2 on an underlayer 1801 
in which MOS transistor is formed, and conducting a 
process like that for producing the under layer 1 801 . 50 
Further, a contact hole through the inter-layer 
insulating layer 1802 is formed. MOS transistor 1803 
is connected via the hole to MOS transistor 1804 in 
the underlayer. By repeating such process, three 
dimensional integration with more than two layers 55 
can be readily produced. 

Further, in case of multi-layer structure, n-channel 
and p-channel transistors can be formed In different 
layers respectively. 

Further, since the single crystal silicon layer is 60 
formed at low temperature approximately 700 ~ 
1000°C, no performance deterioration of underlayer 
element is caused. 



Claims 

1 . A semiconductor device with an insulated 
gate type transistor, wherein 
said insulated gate type transJstor Is formed on 
an insulating surface of substrate; and 
said insulated gate type transistor is formed In a 
single crystal layer which is grown from a single 
nucleus formed on nucleation region which is 
provided on said insulating surface, which has 
sufficiently greater nucleation density than 
material of said insulating surface and which 
has sufficiently small size so that only one 
nucleus can be grown. 

2. A multi-layer structure semiconductor 
device, wherein 

a second layer having a deposition surface is 
formed directly on a first layer in which desired 
element and/or wiring are formed, or is formed 
in a configuration that an intervening layer Is 
sandwiched between the second layer and the 
first layer; 

a third layer Is formed on the deposition surface 
of said second layer, the third layer comprising 
a crystallized layer in which desired element is 
formed being grown from single nucleus 
formed on a nucleation region having suffi- 
ciently greater nucleation density than the 
material constituting said deposition surface 
and sufficiently small size so that only one 
nucleus can be grown; and 
respectively more than two of the first and the 
second layers are formed in the above relation. 

3. A semiconductor device according to 
claim 2, wherein 

the crystallized layer of said third layer is 
shaped into flattened island filling a concave 
portion of said second layer. 

4. A semiconductor device according to 
claim 2, wherein 

the crystallized layer of said third layer is a 
single crystal layer. 

5. A semiconductor device according to 
claim 2, wherein 

said crystallized layer is a polycrystai layer 
whose particle size is controlled. 

6. Method for producing a semiconductor 
device comprising : 

conducting more than once the steps of 
forming a second layer directly on a first layer in 
which desired element and/or wiring are 
formed, or in a configuration that an Intervening 
layer is sandwiched between the second layer 
and the first layer; 

forming nucleation region having sufficiently 
greater nucleation density than material of the 
deposition surface and having sufficiently small 
size so that only one nucleous can be grown ; 
forming crystallized layer by growing single 
crystal from single nucleus formed on the 
nucleation region; and 

forming desired element in the crystallized 
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layer. 

7. A semiconductor device comprising a 
transistor having a single crystal layer grown 
from a single nucleus. 

8. A method of producing a semiconductor 5 
device in which a single crystal layer is grown 

and a nucleation density and the size of a 
nucleation region are controlled for controlling 
the growth. 
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FIG. 6-2A 




FIG. 6-2B 



0251767 

FIG. 7 A 

12-2 12-1 5 

I- i 1 U 



FIG. 7B 




FIG. 7D 



0251767 




0251767 



FIG. 9A 



16 

12 / 



16 



18 

J. 



1> 



FIG. 9B 




12 



FIG. 9C 

17 17 



12 12 



« 



FIG. 10A 

^ 12 



5r 



11 



FIG. JOB 



.13 



11 



FIG. IOC 




FIG. JOD 



21 



/ s 



FIG. 11 



0251767 



Q 1.0 



8 

Q_ 

o 
o 



0.5 



to 



_ 10 7 



E 

U 



£75 10 6 
z 

LU 
Q 



O 

§ 10 5 

C_> 

Z 



6 8 10 

NH 3 /Sim FLOW RATE RATIO 



F/G. 12 



10< 



0.5 1.0 
Si/N COMPOSITION RATIO 



0251767 



FIG. 13 
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